ABSTRACT We summarize Þeld data on the species composition and seasonal phenology of the community of cerambycid beetles of east central Illinois. Data were drawn from Þeld bioassays conducted during 2009 Ð2012 that tested attraction of adult beetles of diverse species to a variety of synthetic pheromones and host plant volatiles. In total, 34,086 beetles of 114 species were captured, including 48 species from the subfamily Cerambycinae, 41 species from Lamiinae, 19 species from Lepturinae, 2 species from Spondylidinae, and 1 species each from Necydalinae, Parandrinae, Prioninae, and Disteniidae. Most of the best-represented species were attracted to pheromones that were included in Þeld experiments, particularly species that use (R)-3-hydroxyhexan-2-one as a pheromone component. The species captured and their patterns of abundance and seasonal phenology were similar to those in an earlier study conducted in Pennsylvania. The most abundant species identiÞed in both studies included the cerambycines Elaphidion mucronatum (Say), Neoclytus acuminatus acuminatus (F.), Neoclytus mucronatus mucronatus (F.), and Xylotrechus colonus (F.). Cerambycine species became active in an orderly progression from early spring to late fall, whereas most lamiine species were active in the summer and fall, and lepturine species were limited to the summer. Potential cross attraction between some cerambycine species that shared pheromone components may have been averted by differences in seasonal activity period and by minor pheromone components that acted as synergists for conspeciÞcs, antagonists for heterospeciÞcs, or both. These results provide quantitative data on the abundance and seasonal phenology of a large number of species.
Despite the economic importance of many cerambycid species within their native ranges, the threat they pose as exotic invaders worldwide, and their popularity with naturalists and insect collectors, remarkably little is known about the basic biology of even quite common and well-known species (Solomon 1995 , Hanks 1999 . The Cerambycidae represents one of the largest families in Insecta, with Ͼ30,000 identiÞed species (Slipinski et al. 2011) , but study of their natural history and behavior is hindered by the crepuscular and nocturnal habits of the adults of many species coupled with long life cycles (Linsley 1961) . Information about host plants, geographic distribution, and seasonal phenology of particular cerambycid species is often summarized from rearing and collection records that originate from different parts of the species range. Thus, the ßight period of widely distributed North American species, as reported in secondary literature, may range from the earliest date of emergence in the southern part of the range to cessation of ßight in the northern extremes (references indexed in Linsley and Chemsak 1997 ).
There appears to be considerable parsimony within Cerambycidae in relation to pheromone biosynthesis and use, with sympatric species sharing pheromone components or even producing pheromones of identical composition (Barbour et al. 2011; Mitchell et al. 2011 Mitchell et al. , 2013 Teale et al. 2011; Wong et al. 2012; Hanks and Millar 2013) . For example, (R)-3-hydroxyhexan-2-one is a common, and often the sole component of volatile pheromones of many species in the large subfamily Cerambycinae . Recent research has revealed that cross attraction between cerambycid species with similar pheromone chemistry may be limited or averted altogether by seasonal segregation of species because of differences in ßight period . However, ßight periods of individual cerambycid spe-cies are rarely fully characterized, and there are even fewer studies that document seasonal phenology of multiple species within a local community (Lö yttyniemi and Lö yttyniemi 1983, Paro et al. 2012 ). This information is critical for understanding the role of volatile compounds that are produced by adult cerambycids, discerning which components serve as pheromones and which serve as antagonists (Baker 2008) , and more generally, how sympatric and synchronic cerambycid guilds and communities limit interference in their individual pheromone channels.
In the present article, we summarize Þeld data on the seasonal phenology of the cerambycid community of east central Illinois that has been the target of semiochemical research for the last decade (Lacey et al. 2004 (Lacey et al. , 2008 (Lacey et al. , 2009 Ginzel and Hanks 2005; Mitchell et al. 2011; Hanks et al. 2012; Wong et al. 2012) . Flight seasons of cerambycid species in Illinois are compared with those recently reported from a study conducted in Pennsylvania that used similar methods . Data for the current study were drawn from Þeld bioassays conducted during 2009 Ð2012 that tested attraction of the local community of cerambycid species to a variety of synthetic pheromones, blends of pheromones, host plant volatiles, and blends of pheromones with plant volatiles. These bioassays were consistent in their methods but varied in their objectives. Because the overarching design of the trapping program was not balanced for any species in terms of consistent numbers of traps with appropriate lures over time, the data were not suitable for analysis of temporal trends in abundance. Moreover, care should be taken in extrapolating the data to compare population sizes of different species because species undoubtedly varied in the strength of their attraction to synthetic pheromones, in how attraction was inßuenced by release rates of pheromone emitters, in the efÞcacy with which they were captured by traps, and by other factors relating to the efÞciency and effectiveness of the trapping methodology. Thus, the number of beetles captured may not be closely correlated with local population density.
Despite the fact that the data summarized here originated from Þeld bioassays that were not intended to characterize phenology of cerambycids, the large number of traps that were deployed across many and widespread study sites throughout the entire ßight seasons of all the species yielded valuable information for assessing the composition of the cerambycid community and for characterizing the seasonal activity periods of individual species.
Materials and Methods
Field bioassays were conducted from early spring to late fall of 2009 Ð2012 at 19 study sites in east central Illinois, most of which were wooded with mature second-growth or successional hardwoods and dominated by oaks, hickories, ash, and maple (Table 1) . Exceptions were the University of Illinois Forestry Plantation, which included a small stand of conifers, and a private residence in an urban forest with a great diversity of both hardwoods and conifers (Table 1) .
Beetles were trapped with black ßight-intercept panel traps (corrugated plastic, 1.2 m high by 0.3 m wide, Alpha Scents Inc., West Linn, OR). Traps were treated with the ßuoropolymer dispersion Fluon (Northern Products, Woonsocket, RI) to render surfaces more slippery and improve trapping efÞciency, and were suspended from frames of PVC irrigation pipes (Graham et al. 2010) . Trap basins contained Ϸ300 ml of propylene glycol or a saturated sodium chloride solution as preservatives. For most experiments, a single trap line was set up at each study site, including a control trap baited with a lure containing only solvent, and traps were positioned at least 10 m apart. Captured beetles were usually collected from traps every 2Ð3 d, but collection periods were some- times considerably extended for traps at more distant sites or during periods of inclement weather. The date of capture for individual specimens was estimated as the median between the date on which the specimen was collected from the trap and the date on which the trap was previously serviced. We include in our calculations of activity period only specimens for which the range between those two dates was 10 d or less. Because the median date is used, the maximum error in estimating capture date was 5 d. Traps were baited with synthetic pheromones of many native cerambycid species, as formally conÞrmed with earlier research . These pheromones are produced by males and attract both sexes (see references below). The following chemicals were used in trap lures (references are relevant for cerambycid species of east central Illinois, and provide sources of chemicals): 1) (RS)-3-hydroxyhexan-2-one, the R enantiomer of which is a pheromone component of many cerambycine species in the tribes Anaglyptini, Callidiini, Elaphidiini, and especially Clytini, and at least an attractant for many other species in these and other tribes (Lacey et al. 2004 (Lacey et al. , 2008 (Lacey et al. , 2009 Hanks and Millar 2013) ;
2) Syn-and anti-2,3-hexanediols, speciÞc enantiomers of which are pheromone components of cerambycine species in the tribes Curiini, Clytini, and Elaphidiini (Lacey et al. 2004 (Lacey et al. , 2008 (Lacey et al. , 2009  3) (E/Z)-6,10-dimethyl-5,9-undecadien-2-ol and (E/Z)-6,10-dimethyl-5,9-undecadien-2-yl acetate (fuscumol and fuscumol acetate), attractants and probable pheromones of many species in the Spondylidinae and in the lamiine tribes Acanthocini and Acanthoderini (Mitchell et al. 2011);  4) 2-(undecyloxy)-ethanol (monochamol), pheromone of the lamiine Monochamus carolinensis (Olivier) (Allison et al. 2012 ) and a number of congeners (Pajares et al. 2010 , Teale et al. 2011 , Fierke et al. 2012 ; 5) 2-methylbutan-1-ol, enantiomers of which are pheromone components of the early-season cerambycine Megacyllene caryae (Gahan), tribe Clytini, and cerambycine species in the genus Phymatodes, tribe Callidiini ; 6) Citral, an isomeric blend of neral and geranial, important pheromone components of M. caryae (Lacey et al. 2008) ; 7) Ethanol and ␣-pinene, plant volatiles that may attract certain cerambycid species or enhance attraction to pheromones .
Lures were usually formulated to contain 25 mg of each pheromone enantiomer (i.e., 50 mg of a racemate or 100 mg of the racemic, (E/Z)-fuscumol, and (E/ Z)-fuscumol acetate), as single components or in blends dissolved in ethanol (2009, 2010) or isopropanol (2011, 2012) . Pheromone emitters were transparent polyethylene sachets (press-seal bags, Bagette model 14770, 5.1 by 7.6 cm, 0.05-mm wall thickness, Cousin Corp., Largo, FL) that were hung in the center of traps and replaced as needed (generally every 2Ð3 wk). Plant volatiles were emitted by high release lures (95% ethanol, Ϸ0.4 g/d, model IP036 Ð100; ␣-pinene, Ϸ2 g/d, model IP037Ð75; Synergy Semiochemicals Corp., Burnaby, British Columbia, Canada).
Each year, the timing of emergence of the earliest species was ascertained by deploying individual sentinel traps baited with pheromones or blends speciÞc to those species at selected sites several weeks before emergence began. Trapping continued through late fall until very few, if any, beetles were captured for at least 2 wk. Subsequent experiments measured the attraction of cerambycids to individual compounds and pairwise and higher order combinations of compounds for periods of at least 1 mo . As a result, traps baited with a diverse array of pheromones and attractants were continually present in widely scattered areas throughout the entire season that adult cerambycid beetles were active.
Field data from pheromone bioassays are inherently of questionable utility for assessing ßight period because beetles may be attracted to traps only when receptive to mating. For example, many species in the subfamily Lamiinae require a period of maturation feeding before mating, which may last several weeks (Hanks 1999) . The timing of their capture by pheromone traps, therefore, may provide an underestimate of ßight period. However, in the current study, this potential bias is at least partly alleviated by including all trap capture data, regardless of experimental treatment, and including control treatments. Even unbaited traps capture cerambycid beetles (Schmitz 1984) , and our earlier studies have revealed that control traps capture small numbers of many species in east central Illinois , and references therein).
Flight period across all 4 yr of the study was summarized by converting Þeld data to presence or absence criteria, i.e., using only ordinal dates on which specimens of a given species were captured, regardless of the number of traps involved and the number of beetles captured. Thus, ßight phenology for each species was characterized as the distribution of ordinal dates on which any number of specimens was captured by any trap. Of course, the number of ordinal dates of capture per species was strongly autocorrelated with the number of specimens because species represented by only a few specimens could only be associated with a few dates. The relationship between numbers of specimens per species (across years) and number of ordinal dates was well described by an asymptotic exponential function (Fig. 1 ). The one highly conspicuous outlier was M. caryae, adults of which were active for only a brief period in early spring and were attracted in great numbers to traps baited with citral (L.M.H., unpublished data). The asymptotic nature of the nonlinear relationship is because of seasonality of the cerambycid species. Even the most numerous species were active for only part of the season (see Results), and therefore could only be trapped on a limited number of ordinal dates.
The phenology of the ßight seasons of cerambycid species was estimated by combining ordinal date data for all 4 yr and calculating the mean and standard deviation, with the onset of activity estimated by subtracting one standard deviation from the mean and the cessation of activity estimated by adding one standard deviation to the mean. The resulting range of ordinal dates (one standard deviation around the mean) therefore encompasses Ϸ68% of the ordinal dates in the data set, a fairly conservative assessment of activity period. Years with the greatest number of ordinal dates for a particular species had the greatest inßuence on its estimated activity period.
We tested the accuracy of our assessment of seasonal phenology by examining the linear relationship between estimated onset of emergence in Illinois versus that from the Pennsylvania study for 33 species that were represented by at least 20 specimens in both studies, regardless of capture year. A separate analysis was conducted to determine whether the linear relationship between the activity period in Illinois versus Pennsylvania would be better characterized with greater sample sizes, using only data for the seven species that were well represented in every year of both studies (i.e., at least 10 specimens in each year), including the cerambycines Anelaphus villosus (F.), Cyrtophorus verrucosus (Olivier), Elaphidion mucronatum (Say), Neoclytus acuminatus acuminatus (F.), Neoclytus mucronatus mucronatus (F.), and Xylotrechus colonus (F.), and the lamiine Graphisurus fasciatus (Degeer). We also compared the duration of activity periods of the same seven species in Illinois versus Pennsylvania to conÞrm that our estimates were consistent.
Data were analyzed with SAS/STAT software (version 9.2 for Windows; SAS Institute Inc., Cary, NC). Differences between means were tested by analysis of variance (ANOVA) (PROC GLM), with differences between pairs of means tested with the REGWQ means-separation test, which controls for maximum experiment-wise error rates. Linear relationships were tested using linear regression (PROC REG; hypotheses about slope and intercept tested with the TEST option). Distributions of ordinal dates of capture were examined for evidence of multimodality (indicative of multivoltinism) and tested for departures from normality by using the ShapiroÐWilk test (Zar 2010) . This test for normality was limited to species represented by at least 20 dates across years because it is overly conservative at small sample sizes, failing to reject the null hypothesis of normality (SAS Institute 2008).
Taxonomy follows Monné and Bezark (2013) . Representative specimens of all species have been retained in the laboratory of L.M.H., and voucher specimens have been deposited with the collection of the Illinois Natural History Survey, Champaign, IL.
Results
In total, 34,086 cerambycid beetles of 114 species were captured by panel traps in east-central Illinois during the 4-yr period (Table 2) , including 48 species from 16 tribes of the subfamily Cerambycinae, 41 species from 8 tribes of Lamiinae, 19 species from 2 tribes of Lepturinae, 2 species from Spondylidinae, and 1 species each from Necydalinae, Parandrinae, Prioninae, and Disteniidae. The only exotic species was Phymatodes testaceus (L.), native to Europe (Swift and Ray 2010) . Pheromones and other semiochemicals have been identiÞed previously for many of the species that were trapped .
Several species were captured in small numbers (Fig. 2) , with 24 species (Ϸ21%) represented by single specimens during 4 yr of trapping (Table 2) . However, only 14 species (Ϸ12% of the total) accounted for Ϸ90% of the specimens that were captured, including (in order of abundance, from Table 2) the ceramby- Fig. 1 . Relationship between the number of specimens of cerambycid species that were captured during 2009Ð2012 and the number of ordinal dates on which they were captured. Best Þt regression equation: Y ϭ 213.9 Ϫ 209.18e (ϪX/1696.87) (nonlinear regression; PROC REG; r 2 ϭ 0.94; F 1,107 ϭ 1,639; P Ͻ 0.0001). Outlier point for Megacyllene caryae (Gahan) not included in analysis (see Results). Number of species differs slightly from Table 2 because date of capture could not be calculated for specimens of some species that were represented by only a few specimens (see Methods). (Lacey et al. 2004 ). Also, particularly numerous were cerambycine species that produce (R)-3-hydroxyhexan-2-one as their sole or primary pheromone component ( (Lacey et al. , 2009 Mitchell et al. 2013; L.M.H., unpublished data) . The cerambycine M. caryae was strongly attracted to citral (Lacey et al. 2008) , and the most numerous lamiine species were those known to be attracted to fuscumol, fuscumol acetate, or both (Mitchell et al. 2011) (Allison et al. 2012) . Some species whose pheromones were among those commonly used in trap lures nevertheless were rarely caught, such as Xylotrechus convergens LeConte (produces only [R]-3-hydroxyhexan-2-one) and Enaphalodes atomarius (Casey) (produces [2S,3S]-2,3-hexanediol; L.M.H., unpublished data). Other species whose pheromones are known were captured regularly but always in relatively small numbers, such as P. testaceus (produces only [R]-2-methylbutan-1-ol) and Euderces pini (Olivier) (produces only [R]-3-hydroxyhexan-2-one; L.M.H., unpublished data). Therefore, the number of beetles captured was not solely determined by the presence of their pheromone components in trap lures.
During Þeld studies in Illinois, ßight seasons of cerambycids began in mid-March, with the numbers of individuals captured and numbers of species increasing to a peak in mid-July and declining through the Fig. 2. Frequency distribution of numbers of specimens per cerambycid species captured during 2009Ð2012 in classes of 10 specimens (0Ð100), 100 specimens (100Ð1,000), and Ͼ1,000 specimens. end of August (Fig. 3) . The earliest cerambycine species were N. caprea and Stenosphenus notatus (Olivier), which typically Þrst appeared in late March and there follows an orderly progression of cerambycine species emerging through late July, some species being active through August, and ending with the lone specimen of the locust borer, Megacyllene robiniae (Forster), trapped in mid-September (Table 3 ). The earliest collected lamiine species was Leptostylus transversus (Gyllenhal in Schoenherr) in early May, but most species in that subfamily emerged in near synchrony in early June and were active during the summer and early fall. Flight seasons of lepturine species, however, were limited to May through July (Table 3 ), consistent with their ßoral feeding habits (Linsley 1961) .
The onset of emergence of particular cerambycid species varied signiÞcantly every year, undoubtedly because of annual climatic variation. For example, considering the seven species that were represented by at least 20 specimens in each year, the onset of adult emergence was signiÞcantly later in 2009 than the other years (mean Ϯ SE: 161 Ϯ 13), earliest in 2012 (123 Ϯ 16), and intermediate in 2010 and 2011 (140 Ϯ 15 and 143 Ϯ 11, respectively; Fig. 4 ; means signiÞ-cantly different, overall ANOVA F 9,27 ϭ 50.7, P Ͻ 0.0001, year effect F 3,27 ϭ 21.5, P Ͻ 0.0001; species effect F 6,27 ϭ 65.2, P Ͻ 0.0001).
Despite annual variation in activity periods, the distribution of ordinal dates on which beetles were captured across all 4 yr of the study were clearly unimodal, with single peaks of trap capture. The cerambycine N. a. acuminatus had the longest ßight season of the cerambycines and showed a broad distribution of ordinal dates (Fig. 5A) . The non-normal distribution of the data in this case was due at least in part to the fact that the ShapiroÐWilk test is overly sensitive to departures from normality at very high sample sizes (SAS Institute 2008). It might be expected that this broad distribution of dates across years was because of differences between years in the timing of peak activity. However, an examination of the data by year (Fig. 5B ) revealed similar broad ßight seasons in each year, suggesting that combining data across years yielded an accurate assessment of seasonal activity.
Considering the other cerambycine species that were relatively numerous (i.e., captured on at least 20 dates), distributions of capture dates approximated the normal distribution for N. caprea, C. verrucosus, and E. mucronatum (Fig. 6) . However, distributions again were signiÞcantly non-normal for X. colonus and N. mucronatus, the species with the longest ßight periods and greatest sample sizes (Fig. 6 ). Frequency distributions of ordinal dates were similarly unimodal for most species in Lamiinae, with the most numerous species, G. fasciatus, again having a non-normal distribution (Fig. 7) . Species with very long ßight seasons but low sample sizes showed no evidence of multiple generations, such as Leptostylus transversus and Lepturges regularis (LeConte) ( Table 3) , which were captured in small numbers throughout their long ßight periods in every year.
Flight seasons of cerambycid species in Illinois progressed in very similar order to that found in the study conducted in Pennsylvania (Table 2 ; Hanks and Millar 2013) . For the 33 species that were well represented in both studies (see Methods), the averaged onset of emergence in Illinois was closely correlated with that in Pennsylvania ( Fig. 8A ; r 2 ϭ 0.91, F 1,32 ϭ 306.4, P Ͻ 0.0001), with the slope not signiÞcantly different from unity (F 1,31 ϭ 2.84, P ϭ 0.10). Differences between the two studies in climatic conditions and possibly other environmental factors are probably responsible for the intercept not passing through the origin (i.e., signiÞcantly different from 0; F 1,31 ϭ 9.21, P ϭ 0.0048). The separate analysis using the seven species that were consistently captured in each year of both studies (see Methods) yielded a regression line with a slope that was nearly identical to that of the 33 species (Fig. 8A , dotted line; r 2 ϭ 0.85, F 1,6 ϭ 34.0, P ϭ 0.0021; slope not signiÞcantly different from that of previous analysis, P ϭ 0.54), suggesting that data for the 33 
Continued on following page species had indeed yielded an accurate assessment of the linear relationship. Species within the same subfamily varied considerably in activity periods (Table 3) , which was partly an artifact of sample size because activity periods would be less well estimated for species represented by only a few specimens. Considering only species represented by at least 10 specimens in Illinois, the subfamilies differed signiÞcantly in activity periods, with lamiines and cerambycines having signiÞcantly longer activity periods than lepturines (means Ϯ 1 SE: 46.6 Ϯ 2.8, 39.1 Ϯ 2.8, and 28.6 Ϯ 3.4, respectively; ANOVA F 2,62 ϭ 5.2, P ϭ 0.0085; REGWQ means separation test P Ͻ 0.05). The durations of activity periods in Illinois versus Pennsylvania were strongly correlated for the same seven species that were consistently captured each year ( Fig. 8B ; r 2 ϭ 0.75, F 1,6 ϭ 18.8, P ϭ 0.0075), suggesting that the estimates of activity period for well-represented species were reasonably consistent.
Discussion
The list of cerambycid species captured in Illinois was quite similar to that from the study conducted in Pennsylvania that tested many of the same semiochemicals and blends and used similar methods . That study had a balanced experimental design, with the same treatments tested throughout the ßight seasons of cerambycids in 25 counties (during 2009) or 10 counties (during 2010 and 2011), which lent itself better to assessing seasonal patterns of abundance than the current study. A Table 2 ) arranged by subfamily, initial date class, then by range of date classes. Ð, indicate estimated range of activity period (mean Ϯ 1 SD ordinal date of capture, averaged across years). Sample size (N) indicates the number of dates across years used in estimating the ßight activity period, larger numbers resulting in more accurate estimates. Numbers in cells are ordinal dates of capture for species represented by a single specimen. Species listed in Table 2 , but missing here, were those for which date of capture could not be calculated (see Methods).
greater number of species were captured in Pennsylvania (N ϭ 137) than in Illinois, as might be expected, because study sites were broadly distributed across the state and at elevations ranging from near sea level to Ϸ600-m elevation , whereas study sites in Illinois were limited to a few adjoining counties with much less variation in topography (200 Ð350-m elevation) and plant community composition. Nevertheless, of the 114 species captured in Illinois, 98 (86%) also were captured in Pennsylvania, consistent with the reported eastern North American distributions of most of the species (Monné and Bezark 2013) . Moreover, 9 of the 15 most numerous species in Pennsylvania also were among the top 15 in Illinois. Species that were abundant in Pennsylvania, but rare or absent in Illinois, were conifer specialists, including the spondylidine Asemum striatum (L.), the lepturine Rhagium inquisitor inquisitor F., and the lamiine Monochamus scutellatus (Say). This disparity undoubtedly was, at least partly, because of the relative scarcity of conifers at the Illinois study sites.
Our sampling of the cerambycid community of east central Illinois admittedly was biased by using traps that were baited with a limited set of pheromones.
Many of the species captured in small numbers probably were trapped passively, rather than being attracted by trap lures. This is particularly true for the lepturine species, the parandrine Neandra brunnea (F.), and the prionine Orthosoma brunneum (Forster), for which pheromones have yet to be identiÞed. Other species, especially conifer specialists, may not have been present because most of our study sites were in stands of hardwoods. The locust borer, M. robiniae, represented by a single specimen, was very common in the region (Ray et al. 2009 ) but was not attracted by any of the pheromones that were tested, and apparently is unlikely to be intercepted by panel traps in forested habitats. The pheromone for this species is not yet known. Similarly, we did not trap adults of the very common red milkweed beetle, Tetraopes tetrophthalmus (Forster), in part because of the lack of an appropriate pheromone and because it is so closely associated with its milkweed hosts in prairie habitats (Reagel et al. 2002) rather than the forested sites where we were working. Given that most of the cerambycid species that were in the Illinois and Pennsylvania data sets are in fact ubiquitous throughout the eastern United States (Lingafelter 2007) , it seems likely that species that were represented by very small numbers in either study probably were present in the area of the other study as well. Such species may indeed be rare in nature, underrepresented in our studies, or both, because of the limitations of our trapping methods.
Plant community composition does not appear to account for the much greater abundance in Illinois of some species compared with the Pennsylvania study, notably the cerambycines A. pumilus and P. lengi. Study sites in both states were well within the reported range of these species, and at least A. pumilus is a hardwood generalist and therefore should not be limited in distribution by host plant availability (larval hosts of P. lengi are not known ; Lingafelter 2007) . Differences between the two studies in the relative abundance of certain species may reßect actual geographic variation in population density, but also could be because of geographic variation in pheromone chemistry or simply a consequence of differences in trapping methods. For example, funnel traps suspended from tree branches were used in the Pennsylvania study , whereas in Illinois, panel traps were positioned closer to the ground. Trap height has been shown to be a major factor in trapping cerambycids, at least some of which are associated with speciÞc strata in the tree canopy (Graham et al. 2012) .
As mentioned previously, the number of beetles of any particular species that were captured by panel traps may not be closely correlated with local population density, and thus similarities between the Illinois and Pennsylvania studies in their lists of dominant species might merely be because of the fact that traps were baited with the same attractive semiochemicals. However, two earlier Þeld studies provide independent evidence of the relative abundance of cerambycid species in nature. In Alabama, Waters (1981) trapped cerambycid beetles over a 2-yr period by felling hardwood trees of several species and attaching sticky cards to them. In Louisiana, Newell (2008) attracted saproxylic beetles by wounding and felling deciduous trees of several species and captured beetles with unbaited ßight-intercept traps in the surrounding tree canopy. In these two studies, the unique methods of trapping, the differing species of trees, and differing conditions of the host materials might be expected to result in signiÞcant differences in the relative abundances of cerambycid species. Nevertheless, of the 15 most abundant species in Alabama, 7 were also in the top 15 of the Louisiana study, including (in order of dominance) the cerambycines N. a. acuminatus, X. colonus, E. mucronatum, Neoclytus scutellaris (Olivier), N. m. mucronatus, the lamiine Ecyrus dasycerus dasycerus (Say), and the disteniid Elytrimitatrix undata (F.). Four of these species (N. a. acuminatus, X. colonus, E. mucronatum, and N. m. mucronatus) were also in the top 15 trapped in both the Illinois and Pennsylvania studies. Given that the four studies used very different methods and also differed greatly in plant composition of the local forests, it seems likely that these cerambycid species truly are naturally abundant in the eastern United States, consistent with their being labeled as "common" or "abundant" in secondary literature (Yanega 1996 , Lingafelter 2007 . They are oligophagous (N. m. mucronatus) to highly polyphagous (the remaining three species) on eastern hardwood species (Lingafelter 2007) , and larval hosts typically are stressed to moribund (N. a. acuminatus, X. colonus) or dead woody plants (E. mucronatum, N. m. mucronatus; USDAÐFS 1985) . Thus, all four species are likely to Þnd hosts in most forested areas of the eastern United States.
The fact that the seasonal timing of the emergence period was quite consistent for cerambycid species in Illinois and Pennsylvania suggests that species were inßuenced by local climate in the same way, with yearly climatic conditions affecting development and emergence similarly for all species. Because larvae of cerambycids are endophytic, it is likely that the proximate cue for emergence of adults is thermoperiod (Danks 1987 , Leather et al. 1993 , which would account for the consistent order of emergence of species in different regions of their ranges.
Many cerambycine species that shared pheromone components were active at the same time of year and therefore would seem to be vulnerable to cross attraction. For example, (R)-3-hydroxyhexan-2-one is the sole or primary pheromone component for many species that overlapped broadly in ßight period, including the dominant species E. mucronatum, N. m. mucronatus, and X. colonus but also (in the same order as in Table 3 ) N. caprea, E. pini, C. verrucosus, A. pumilus, P. aereus, P. amoenus, P. lengi, Sarosesthes fulminans (F.) , X. convergens, N. scutellaris, and Parelaphidion aspersum (Haldeman) (Lacey et al. , 2009 Mitchell et al. 2013; L.M.H., unpublished data) . We have noted previously that some cerambycid species that share pheromone components avoid cross attraction by being segregated in the seasonal activity period . For example, N. caprea ßies so early in spring that it is temporally isolated from most of the other species for which (R)-3-hydroxyhexan-2-one is the dominant pheromone component. For other species, minor phero- mone components may impart species speciÞcity to a shared dominant pheromone component, such as the alkanone minor pheromone components of C. verrucosus and P. aspersum (Mitchell et al. 2013 ), (R)-2-methylbutan-1-ol of P. amoenus and P. lengi (L.M.H., unpublished data), and (2S,3R)-2,3-hexanediol of S. fulminans (Lacey et al. 2009, Hanks and . In still other cases, minor components of one species may act as antagonists of other species that share the dominant component, again minimizing cross attraction .
To date, pheromones have been formally identiÞed from only a few lamiine species, including A. variegatus (Hughes et al. 2013) , the South American species Hedypathes betulinus (Klug) , and a number of Monochamus species (Pajares et al. 2010 , Teale et al. 2011 , Allison et al. 2012 , Fierke et al. 2012 ). However, several other lamiines have been shown to be attracted to fuscumol and fuscumol acetate (Mitchell et al. 2011, Hanks and , and many of these overlap in seasonal activity periods, with adults of most species being crepuscular or nocturnal (Linsley 1961) . Species speciÞcity of pheromones may be imparted by varying the ratio of fuscumol to fuscumol acetate or by the presence or absence of geranylacetone or other compounds that are minor components in blends. Alternatively, differences between species in the chirality of fuscumol fuscumol acetate, or both may impart speciÞcity. For example, male A. vareigatus produce both (S)-fuscumol and (S)-fuscumol acetate (Hughes et al. 2013) , whereas male H. betulinus produce (R)-fuscumol acetate and an 82:18 mixture of the (R)-and (S)-enantiomers of fuscumol . These details will be elucidated as pheromone emissions are collected from the various species, and the components and ratios are fully identiÞed and bioassayed in their naturally occurring ratios.
In summary, the data summarized here, from four consecutive years of bioassays with semiochemically baited traps, provide detailed information on the activity patterns of a substantial portion of the cerambycid community of the eastern United States. Although some of this information was available in very fragmented and largely anecdotal forms from collection records and secondary literature, the results presented here provide hard quantitative data on the abundance, seasonal phenology, and variation in seasonal phenology of a large number of species.
